Binding of peptides to proteins: an exercise in molecular design.
Peptides coupled to solid supports were systematically tested for binding activity with a polyreactive immunoglobulin light chain dimer by the methods of Geysen and colleagues. Once identified, peptides of progressively increasing affinity for the dimer were synthesized in milligram quantities and diffused into crystals of the protein. The three-dimensional structures of the peptide-protein complexes were determined by X-ray analysis and crystallographic refinement. Criteria for the design of ligands to fill the binding cavity in incremental stages could be formulated from the combined results of peptide scanning and crystallographic analyses. Histidine proved to be an important substituent in the binding series. It was possible to manipulate the properties of this amino acid residue to alter the structures and binding patterns of the ligands. For example, if two beta-alanine residues were added to the carboxyl end of a tetrapeptide ligand, the terminal carboxyl group formed an intramolecular ion pair with the imidazolium group (N-3) of histidine. This interaction was accompanied by cleavage of the intra molecular hydrogen bond between N-1 of histidine and the amide group of a glutamine side chain. The shape of the ligand shifted from a compact to an extended form and the mode of binding changed from a lock-and-key to an induced-fit type. The direction of entry of dipeptides of histidine and proline into the binding cavity (normally amino end first) could be reversed (carboxyl end first) by protonation of the histidine ring.